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(57)Abstract: 

PURPOSE: To always observe a distinct image even when a 
position of a pupil is varied by utilizing a dispersing action of a 
transparent refractive optical element, giving an incident 
angle difference and an optical path length difference to a 
diffraction grating optical element with respect to light beams 
of each wavelength of a luminous flux having prescribed 
wavelength width and suppressing a chromatic aberration 
generated by the diffraction grating optical element. 
CONSTITUTION: An axial chromatic aberration caused by a 
color dispersion generated by a diffraction grating optical 
element 10 is negated by an effect of a color dispersion 
tending in the reverse direction generated by a triangular 
prism 41 . Also, there is a misalignment in the optical axis 
direction of aberration formed by a light beam 20 of 
wavelength XB generated by the diffraction grating optical 
element 10. It is correct by a misalignment of a virtual image 
formed position in the tendency reverse to the diffraction 
grating optical element 10, caused by a refractive index 
difference and an optical path length difference between the 

light beam 20 of wavelength XA and the light beam 21 of wavelength XB generated in the triangular 
prism 41 . In such a way, the axial chromatic aberration generated by the diffraction grating optical 
element 10 is corrected roughly satisfactorily. Therefore, even when a pupil position has moved in 
the direction being orthogonal to the optical axis, a distinct image can be observed. 
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SPECIFICATION 



1 . Title of the Invention 



Method of displaying an image by use of a diffraction grating optical element while 
correcting the chromatic aberration produced by the diffraction grating optical element 



2. Claim 

A method of displaying an image by use of a diffraction grating optical element by 
shining onto the diffraction grating optical element a light beam including information of an 
image to be displayed and having a predetermined wavelength width so that the diffraction 
grating optical element images the image on a predetermined image surface, wherein a 
refractive optical element having predetermined dispersion characteristics is disposed in an 
optical path along which the light beam reaches the diffraction grating optical element so that 
dispersion caused by the refractive optical element produces in different wavelength 
components of the light beam different optical path lengths and different angles of incidence 
relative to the diffraction grating optical element in such a way as to correct chromatic 
aberration produced by the diffraction grating optical element. 

3. Detailed Description of the Invention 
[Field of the Invention] 

The present invention relates to a method of displaying an image by use of a 
diffraction grating optical element such as a hologram element, and more particularly to a 
method of displaying an image whereby the chromatic aberration produced by a diffraction 
grating optical element is corrected to obtain satisfactory image quality. 

[Prior Art] 

Conventionally, various techniques have been proposed in connection with so-called 
head-up display apparatuses (hereinafter referred to as HUDs) that permit the operator of an 
aircraft or vehicle to view information in his field of view while keeping his line of sight 
directed to the field of view extending in front of him so that the operator can observe an 
object located in front and the displayed information in a form superimposed on each other. 

United States Patents Nos. 3,737,212 and 4,218,111 disclose HUDs that employ a 
special fluorescent tube as a display apparatus for directly supplying image information and 
that form an image by imaging an imaging beam having a wavelength range as narrow as 
several nm by use of a hologram reflective element. 

As in the HUDs disclosed in the patents mentioned above, so long as the light beam 
used has a narrow wavelength range, the chromatic aberration produced by a diffraction 
grating optical element such as a hologram reflective element is negligibly small for praaical 
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application. 

However, when an image is displayed by use of a diffraction grating optical element, 
if colored display is attempted, or if a common inexpensive fluorescent tube is used as the 
aforementioned display apparatus, the chromatic aberration produced by the diffraction 
grating optical element causes bleeding of colors in or blurring of the displayed image. 

One method for solving this problem is disclosed in Japanese Patent Application Laid- 
OpenNo. S61-35416. 

Fig. 5 is a diagram illustrating the HUD disclosed in the publication mentioned just 

above. 

In the figure, reference numeral 1 represents the display surface of a fluorescent tube 
or the like which produces light of wavelengths Xb, X g, and Xr corresponding to blue, green, 
and red. Reference numeral 2 represents a display hologram element that forms a virtual 
image 10 of the information displayed on the display surface 1. Reference numeral 3 
represents a chromatic aberration correction hologram element that receives the light from the 
display surface 1 and directs it to the display hologram element 2. Reference numeral 9 
represents the eye of an observer, which coincides with the entrance pupil of the optical 
system shown in Fig. 5. 

The light of wavelengths Xb, Xg, and Xr emanating from a predetermined object point 
on the display surface 1 strikes the correction hologram element 3, which diffracts light of 
different wavelengths in different directions. The light of wavelengths X b, X g, and Xr then 
strikes the display hologram element 2, which diffracts and thereby reflects the light to direct 
it to the entrance pupil 9. Here, the display hologram element 2 also diffracts light of 
different wavelengths Xb, Xg, and Xr in different directions. Thus, the positions at which 
the light of different wavelengths X b, X g, and Xr respectively form virtual images appear to 
be approximately coincident (at the position of the virtual image 10) as observed from the 
position of the pupil 9 shown in the figure. 

However, with the method of correcting chromatic aberration shown in Fig. 5, when 
the position of the pupil 9 moves in a direction perpendicular to the optical axis 
(corresponding to the optical path of the light of wavelength Xg in Fig. 5), longitudinal 
chromatic aberration causes the images displayed by the light of different wavelengths Xb, Xg, 
and Xr to be observed at positions deviated along the optical axis. Thus, in a case where the 
observation position needs to be varied laterally over a distance of a maximum of 250 mm as 
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with the driver of a car, the HUD disclosed in the aforementioned publication does not always 
display a sharp image. 

As described above, with a conventional method of displaying an image by use of a 
HUD employing a difiEraction grating optical element such as a hologram element, it is 
difficult to achieve observation of a sharp image unless the position of the pupil is restricted. 

[Summary of the Invention] 

An object of the present invention is to provide a method of displaying an image by 
use of a diffraction grating optical element whereby the longitudinal chromatic aberration 
produced by the diffraction grating optical element is satisfactorily corrected so as to permit 
observation of a sharp image even when the position of the pupil moves in a direction 
perpendicular to the optical axis. 

To achieve the above object, according to the present invention, a method of 
displaying an image includes shining onto a diffraction grating optical element a light beam 
including information of an image to be displayed and having a predetermined wavelength 
width so that the diffraction grating optical element images the image on a predetermined 
image surface, wherein a refractive optical element having predetermined dispersion 
characteristics is disposed in the optical path along which the light beam reaches the 
diffraction grating optical element so that the dispersion caused by the refi'active optical 
element produces in different wavelength components of the light beam different optical path 
lengths and different angles of incidence relative to the diffraction grating optical element in 
such a way as to correct the chromatic aberration produced by the diffraction grating optical 
element. 

Other features and advantages of the present invention will be described specifically in 
the embodiments described below. 



4. Brief Description of the Drawings 

Fig. 1 is a diagram showing an outline of the construction of a head-up display as an 
example of the method of displaying an image according to the invention. 



Figs. 2 to 4 are diagrams each showing an outline of the construction of a head-up 
display, as first and second modified examples of the method of displaying an image 
according to the invention. 

Fig. 5 is a diagram showing an outline of the construction of a conventional head-up 

display. 

1 display surface 

9 pupil (observer) 

10 diffraction grating optical element 

41, 42, 50, 60 refractive optical element for correction of chromatic aberration 



